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3
Introduction

The meteorological aids (MetAids) service is defined in RR No. 1.50 as a radiocommunication service used for meteorological, including hydrological, observations and exploration.

In practice, MetAids service usually provides the link between an in situ sensing system for meteorological variables and a remote base station. The in situ sensing system may be carried, for instance, by a weather balloon. Alternatively, it may be falling through the atmosphere on a parachute after deployment from an aircraft or meteorological rocket. The base station may be in a fixed location, or mounted on a mobile platform as used in defence operations. Base stations are carried on ships, and carried on hurricane watch or research aircraft.

3.1
Allocated RF bands

Existing allocations for the MetAids service (other than those governed by national footnotes)  are shown in the table below.  For current information, the reader is referred to the ITU List of Publications, in particular, the Table of Frequency Allocations in Article 1 of the Radio Regulations.
	Frequency band
	Status
	Other primary services in the band

	2 025-2 045 kHz
	Secondary (Region 1)
	FIXED, MOBILE

	27.5-28 MHz
	PRIMARY
	FIXED, MOBILE

	153-154 MHz
	Secondary (Region 1)
	FIXED, MOBILE

	400.15-401 MHz
	PRIMARY
	METEOROLOGICAL‑SATELLITE (space‑to‑Earth)

MOBILE-SATELLITE (space‑to‑Earth)

SPACE RESEARCH (space‑to‑Earth)

	401-402 MHz
	PRIMARY
	SPACE OPERATION (space‑to‑Earth)

METEOROLOGICAL‑SATELLITE (Earth‑to‑space)

EARTH EXPLORATION‑SATELLITE (Earth‑to‑space)

	402-403 MHz
	PRIMARY
	METEOROLOGICAL‑SATELLITE (Earth‑to‑space)

EARTH EXPLORATION‑SATELLITE (Earth‑to‑space)

	403-406 MHz
	PRIMARY
	

	1 668.4-1 670 MHz
	PRIMARY
	FIXED, MOBILE, 

RADIOASTRONOMY
MOBILE-SATELLITE (Earth-to-space)

	1 670-1 675 MHz
	PRIMARY
	FIXED, MOBILE

METEOROLOGICAL-SATELLITE (space‑to‑Earth)
MOBILE_SATELLITE (Earth-to-space)

	1 675-1 690 MHz
	PRIMARY
	FIXED, MOBILE

METEOROLOGICAL-SATELLITE (space‑to‑Earth)



	1 690-1 700 MHz
	PRIMARY
	METEOROLOGICAL-SATELLITE (space‑to‑Earth)



	35.2-36 GHz

	PRIMARY
	RADIOLOCATION


This list includes the services that are also primary in bands used by the MetAids service. The allocations for other services place significant constraints on the MetAids service. Co-channel sharing between other services and the MetAids service is rarely feasible because of the low power transmissions used by most MetAids systems for relatively long-range links. Hence, most band sharing relies on band segmentation. This may be organized internationally with other meteorological systems through the auspices of WMO, or at a national level with the non- meteorological systems. 

WMO regularly updates a catalogue of radiosonde systems in use within the WMO network, so that the meteorologists using the measurements are able to identify the type of radiosonde in use at each station. This catalogue includes a record of the frequency band used.

Users of the MetAids service also include:

–
environmental agencies

–
universities and meteorological research groups

–
defence services. 

These additional systems are usually operated independently from the routine operations of the national meteorological services and are not listed in the WMO catalogue. Many of the non-WMO MetAids systems are mounted on mobile platforms and may be deployed over a wide range of locations during operational use. The number of radiosondes sold to these independent groups is similar to the number used in the routine WMO network. The operation of the additional systems is not usually regulated by the national radiocommunication authorities.

In some countries co-channel sharing between all the different groups of radiosonde operators is avoided by using a detailed channel plan. However, in many countries a pragmatic approach to spectrum use is still used. Before launching the radiosonde, the radiosonde system operator scans the available MetAids spectrum using the base station receiver. This identifies if there are any radiosondes already in use near the launch site. The frequency of the radiosonde to be launched is then selected (tuned as necessary before launch) so that it will function without detriment to the systems already in flight. The available MetAids spectrum for a national MetAids service is often limited to a sub-band of that allowed by the RR because of national sharing agreements with other radiocommunication services, as noted earlier.

Reviews of MetAids service use between 1978 and 1988 showed commercially available radiosonde systems operating in the WMO network at radiofrequencies between 27.5‑28 MHz, 400.15‑406 MHz and 1 668.4‑1 700 MHz. Subsequently, routine radiosonde use in the band 27.5‑28 MHz ceased because of problems with radiofrequency interference from other services. The reasons for the continued use of two MetAids service bands is discussed in a later section, once the systems in use have been discussed in more detail.

3.2
Meteorological functions of the MetAids service

Accurate measurements of the variations with height in atmospheric temperature, relative humidity, and wind speed and direction are essential for operational meteorology. These measurements define the basic characteristics of weather systems so that the forecaster can judge what is likely to happen in the short term. They also provide the input for numerical weather prediction models that are used in longer-term forecasts. Short-term forecasts require high vertical resolution in temperature and relative humidity measurements. For instance, the position of clouds near the surface needs to be measured with an accuracy of better than 100 m in the vertical. 

The MetAids service has been the main source of atmospheric measurements with high vertical resolution for many decades. MetAids transmit in situ measurements of atmospheric meteorological variables from locations above the surface to a base station consisting of a receiver and data processing system. In most cases, pressure (or height), temperature, relative humidity, and wind speed and direction are measured. Measurements of atmospheric constituents such as ozone, aerosol or radioactivity may also be included. The output from the base station is transmitted to the meteorological communications networks for integration with data from other receiving stations. The MetAids are not usually recovered after use, so the cost of the transmitter and sensing package must be kept to a minimum.

In the most commonly used MetAids system, an operational radiosonde can be carried by a weather balloon to heights of up to 36 km above the surface. The height to which regular observations are required varies to some extent with the application and geographical location. In many countries, routine meteorological operations aim for a height of about 25 km above the surface, although some stations need to measure heights above 30 km. Forecasting on a global scale needs to take into account the movements of the atmosphere at the upper levels, but not in as much detail as the conditions closer to the surface. However, long-term climate monitoring and associated scientific research need measurements from as high in the upper atmosphere as practicable. 

Radiosonde measurements are transmitted for up to two hours to a base station located at the balloon launch site. The balloon moves with the upper atmospheric winds during this time and on occasions may travel more than 250 km from the launch site during ascent. During descent, they may travel an additional 150 km. The transmission power is always low, because of the limitations imposed by the available batteries. The batteries must function at the very low temperatures encountered during a flight, and must also not damage the environment or endanger public safety on falling to earth after the balloon bursts.

Every day more than 1 400 radiosondes are launched in the WMO GOS network. The information from each operational radiosonde is immediately used by national meteorological services to support local forecasting. This information is also required for numerical weather forecasts for all parts of the world, and the goal is to circulate the completed message reports (in standardized meteorological code) to all meteorological services around the world within three hours. The messages are also archived permanently and are then used in a wide range of scientific investigations. Other MetAids systems currently deployed in more limited numbers include:

	Type
	Description

	Dropsondes
	Dropped from high flying aircraft using a parachute, with the dropsondes usually transmitting back to a receiving station on the aircraft for about half an hour

	Tethersondes
	Transmits back continuously from a tethered balloon usually within the atmospheric boundary layer

	Rocketsondes
	Transmits atmospheric measurements at heights up to 95 km for specialized scientific investigations or launched from ships for low-level measurements

	Small pilotless aircraft 
(remotely piloted vehicle (RPV) or unmanned aerial vehicle (UAV))
	Carries a similar sensor package to the radiosonde to remote areas over the ocean and also transmits information back as a standard meteorological message


The current cost of performing radiosonde measurements limits the optimum spacing of the operational radiosonde network to 250 km in the horizontal direction. This spacing is used as the standard for network studies on the spectrum required for the MetAids operational service. However, adequate resolution of the persistent characteristics of organized weather systems needs measurements with spacing in the horizontal direction of 50 km or less. Meteorological research requires radiosonde or dropsonde measurements at this spacing. In the future, frequency allocations need to facilitate both operational radiosonde use and those of the research communities.

While the number of active operational radiosonde stations in the GOS network is decreasing slightly with time, this is being compensated for by an increased use of radiosondes for environmental and defence services. In addition, there is a requirement from national meteorological services for more in situ measurements in targeted areas over the ocean. A significant increase in the use of newer types of MetAids systems can be expected in the next decade to support these expanding requirements.

3.3
Examples of MetAids sensing systems

3.3.1
Radiosondes

As many as 800 000 radiosondes are flown on balloons each year worldwide
, see Figs. 3-1 and 3‑2. The base station sites used to launch the radiosondes are usually specially equipped so that the balloons can be launched in all weather conditions. The most critical sites are equipped with emergency power supplies and accommodation so that the measurements can continue even if the local infrastructure is damaged by extreme weather or other circumstances such as an industrial accident.

Figure  3-1

A radiosonde flight train

[image: image1.wmf]Meteo-031

 


Figure  3-2

Radiosondes
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A typical radiosonde contains several major components: a transmitter, sensor pack, battery, and a navigational aids (NAVAID) receiver see Fig. 3-3. The transmitter transmits the data to the receiving station. The sensor pack contains the sensors that measure the atmospheric conditions such as temperature, pressure, humidity, ozone or ionising radiation. The sensor pack also encodes the sensor values sufficiently to transmit them to the ground station. If the radiosonde relies on NAVAID signals for wind measurement, the radiosonde will also contain a NAVAID receiver for the type of signals used. Global positioning system (GPS), LORAN and VLF signals are used by NAVAID radiosondes. Radiosondes rely on batteries for power. The batteries are usually water-activated, manufactured specifically for radiosonde use, since commercially available alkaline batteries cannot operate at air temperatures that can reach –90 C.

A typical cost breakdown of a radiosonde is 20% to 30% for the transmitter, 45% to 60% for the sensor pack, 20% to 50% for the NAVAID receiver (if required) and 15% to 25 % for the battery. 
Some radiosonde transmitters exhibit relatively poor characteristics in comparison to most other radio services. The general use of transmitters with poor stability and large bandwidth emissions is due to their relatively low cost. For the same reason that processing power is minimized on the radiosonde, use of highly stable transmitters has usually been avoided until the technology becomes available at an appropriate cost. However, the operating conditions in some national networks already require the use of narrow-band high stability transmitters.

3.3.2
Dropsondes

Dropsondes have components similar to radiosondes, but the assembled system is modified so that it can be dropped from aircraft to profile the atmosphere while descending under a parachute, see Fig. 3-4. Since operation of a large tracking antenna is impractical on aircraft, all dropsondes are 

operated in the 401-406 MHz band and utilize NAVAIDS (currently GPS) for wind measurement. Operationally, dropsondes are deployed at a much higher density in space and time than radio​sondes. They are primarily used in tracking and profiling tropical storms at sea. As many as 12 dropsondes may be placed in flight and tracked simultaneously. The high density of deployment necessitates the use of highly stable narrow-band transmitters, similar to those used in the denser parts of the radiosonde network.

Figure  3-3

Radiosonde electronics

[image: image3.wmf]Meteo-033

 

 


3.3.3
Rocketsondes

Rocketsondes are a more specialized MetAids system. Like the dropsondes, they profile the atmosphere during a parachute-controlled descent. Rocketsondes may contain the same basic components as radiosondes, but the sensing packages for high altitude measurements may differ from those systems used in the lower parts of the atmosphere. Unlike dropsondes, they may employ either radio direction finding or NAVAIDS for wind measurement. Most rocketsondes are launched to very high altitudes and are typically used in support of space launch operations, see Fig. 3-5. Because the deployment of the rocketsondes is expensive, the use of higher quality transmitters is necessary.

Figure  3-4

A dropsonde
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Figure  3-5

A rocketsonde
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3.4
Factors influencing the characteristics of the MetAids systems

MetAids systems are comprised of several basic radiocommunication components. The ground portion of the system typically contains an antenna/receiver system and a signal processing system. Recommendation ITU-R SA.1165 – Technical characteristics and performance antenna for radio​sonde systems in the meteorological aids service, contains descriptions and technical parameters of the various types of systems used for MetAids operations.

3.4.1
Ground-based receiver antenna system

MetAids use a radio frequency link to transmit the data back to the antenna/receiver system located at the data processing location. The two bands that are mostly used for this purpose are 400.15‑406 MHz and 1 668.4-1 700 MHz. Typically, the antenna/receiver system is ground based (for radiosondes and rocketsondes), but in the case of dropsondes the antenna/receiver system is located on an aircraft. The particular antenna and receiver system configuration varies based on the operating band and the maximum flight slant range expected. Omni-directional antennas and rosettes of yagi antennas or corner reflectors are typically used for systems operated in the band 401‑406 MHz, see Fig. 3-6. Very high antenna gain is not needed by these types of antenna to maintain the RF link. Radio direction finding (RDF) is not used for measuring the winds in this band. The antenna gain of the antenna systems operated in the band 401-406 MHz range from 0 dBi to 10 dBi.

Figure  3-6

Omni-directional antenna and directional systems (401-406 MHz)
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Wind measurement is usually accomplished through RDF in the 1 668.4‑1 700 MHz band. Therefore, tracking pedestals equipped with large parabolic antennas or phased array panels are used to avoid path loss, see Fig. 3-7. The antenna pedestal rotates the antenna in azimuth and elevation to track the MetAid movement. Antenna gains of 25‑28 dBi are typical for antenna systems operated in the band 1 668.4‑1 700 MHz.

Figure  3-7

Tracking antenna systems (1 668.4-1 700 MHz)
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3.4.2
Ground-based processing system

The receiver passes the baseband radiosonde signal to a signal processing system that decodes the analogue or digital radiosonde data and generates the required atmospheric measurement data, including winds. Most MetAids do not transmit the actual meteorological values (pressure, temperature, humidity, ozone, etc.) to the receiving station. To minimize the cost of processing on the MetAid, the electronic characteristic of the capacitive or resistive sensor is transmitted. The signal processing system then applies the capacitive and/or resistive sensor values and sensor calibration values, to a polynomial to calculate the meteorological parameter. Systems that use NAVAIDS for wind measurement also defer the processing of the NAVAID signal to the signal processing system as much as possible. Some MetAids simply receive the NAVAID signal and retransmit it to the receiving station for processing in the signal processing system. The trans​mission of raw data to the ground station increases the RF link data rate above what would be required if processing were performed on the MetAid. This approach is necessary, as it is not cost effective to place the processing power on each expendable device. 

3.4.3
Expendable sensing packages

The nature of the MetAids service operations places constraints on how they are manufactured. Most of the design constraints impact the radio frequency characteristics of MetAids expendables and hence the spectrum requirements of MetAids operations. The most significant constraint is the production cost of the devices. However, other constraints such as density, mass, operating environment, and power efficiency are also major concerns to manufacturers and operators.
Production cost is usually the first issue raised in a discussion on implementing more spectrally efficient transmitters. Radiosondes are expendable devices. They are typically flown once and lost; though a small number are recovered and reconditioned for reuse. There is a need to minimize the complexity of the circuitry as much as possible to minimize cost. Advancements in technology have provided some opportunity to use cost effective integrated circuits to improve radiosonde performance. Historically, many of the improvements applied to radiosondes have been to improve measurement accuracy of the sensors. In recent years, operators have been forced to implement some improvements to the RF characteristics in order to increase network density. Many basic radiosonde designs contain single stage transmitters. These designs are affected by changes in temperature, battery voltage, and capacitive loading of the antenna during handling. Use of commercially available application specific integrated circuits (ASICs) has not been widespread so far, as many available products used for wireless communications do not meet the operating environ​ment conditions or do not operate in the MetAids bands.

The density of MetAids expendables must be limited for safety reasons. The mass of the MetAids expendables is also limited for both safety and operational reasons. While extremely unlikely, MetAids must be designed to ensure that a collision with an aircraft will not damage the aircraft and will not create a life-threatening situation. It is worth noting that no collision between a radiosonde and an aircraft has ever been reported. The density is primarily of concern if the device were to be ingested into the engine. The devices’ mass is a concern since MetAids expendables drop back to the Earth’s surface after a flight. A parachute is used to control the rate of descent. However, an object with significant mass has the potential to cause damage. Most MetAids expendables now have a mass much less than 1 kg. Typically, radiosondes are housed in a foam or paperboard package that is lightweight and easily destructible. The circuit cards are small and contain a small number of components and the circuitry is designed for maximum power efficiency. Due to the density and mass limitations, a large battery cannot be used to power the devices.
MetAids can be exposed to a variety of extreme conditions during flight. The temperature may range from 50 C to –90 C, humidity can range from very dry conditions to condensation or precipitation. At higher altitudes, insufficient air for ventilation of the electronics and solar radiation can lead to overheating even at low temperatures. These extreme changes in conditions can have a dramatic effect on the performance and characteristics of all the device components including the transmitter. It was not uncommon for an older design radiosonde transmitter to drift 5 MHz or more due to extreme temperature changes and other effects such as icing of the antenna that causes capacitive loading. Due to limitations on the power consumption and the effect that generating heat can have on sensor performance, stringent temperature control of the electronics is not practical. In addition, it has been found that many of the commercially available transmitter integrated circuits used by the wireless telecommunications industry cannot operate at the extremely low temperature.
The power consumption of the MetAid electronics must be carefully managed in the design. Large batteries increase the weight causing a potential safety hazard, and the additional weight increases operational costs by requiring larger balloons and larger amounts of gas for balloon inflation. Power efficiency is the primary reason that MetAids are designed to use as little transmitter output power as possible and still maintain a reliable telemetry link. Radiosonde transmitters typically produce 

100‑400 mW and the link budget at maximum range only has on the order of 0.5‑2 dB of margin. The commonly used single stage transmitter has been found to be very power efficient, while the more advanced transmitter designs have been found to consume 150‑250% more power than the single stage transmitter. However, these single stage transmitters are vulnerable to the extreme temperature changes and capacitive loading of the antenna during handling resulting in large frequency drift. For this reason, the more spectral efficient transmitter designs impact both trans​mitter manufacturing costs and the cost of the associated electronics.

3.5
Characteristics of meteorological observations required from the MetAids service

The characteristics of observations required from MetAids service operations are illustrated in this section with a few examples of radiosonde measurements.

Figure 3-8 shows temperature and relative humidity measurements as a function of height, in a measurement from a climate monitoring site at 60( N in the UK (Lerwick, Shetland Islands, 23 January 2000). Radiosonde temperature measurements have small errors, less than 0.5( C at heights up to 28 km, and are well suited for climate monitoring. In this observation, the temperature decreased at a relatively uniform rate from the surface to a height of about 12 km. This level is designated as the tropopause by meteorologists and represents the boundary between the air interacting with the Earth’s surface, and the air in the stratosphere where there is minimal interaction with the surface layers. Between the surface and the top of the tropopause, there were relatively thin layers where the temperature either increased slightly with height or fell at a very slow rate. The relative humidity also dropped very rapidly as the MetAid ascended through these layers. Significant drops occurred at heights of 1.8 km and 4 km in layers that would be termed temperature inversions by forecasters. In addition, there were also less pronounced changes in the temperature lapse rate near 8 km and 10.3 km, again associated with a significant reduction in relative humidity with height. The variations in the rate of change of temperature and humidity in the vertical affect the propagation of radio waves in the atmosphere. Thus, MetAids observations are also well suited to identifying radio propagation conditions for civilian and strategic purposes.

The balloons lifting the radiosondes are designed to provide optimum burst heights when ascending at about 300 m/min. Any significant loss of reception early in an ascent (even for 10 s) is undesirable since this compromises the ability of the radiosonde to resolve the changes in temperature and relative humidity, required for local forecasting. Missing data for four or five minutes (even if only caused by faulty navigation signal reception for the wind measurements) often necessitates the launch of a second radiosonde to fulfil the operational requirement.

The observation shown in Fig. 3-8 is typical since errors in the relative humidity measurements were from 5% to 90% between the surface and the level where the temperature falls below –40( C. By the time the temperature fell below –60( C at 10 km, the response of the relative humidity sensor was becoming too slow to fully resolve rapid changes in relative humidity. This reflects a marked improvement in radiosonde relative humidity sensor performance since the 1980’s. All earlier relative humidity sensors became unreliable at temperatures between –30 C and –40( C. The relative humidity sensor is the most difficult to manufacture and has proved to be one of the main barriers to designing and manufacturing a radiosonde without extensive long-term investment in design and production facilities.

Figure  3-8

Temperature and humidity measurement by a radiosonde
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The minimum temperature in Fig. 3-8 occurred at about 29 km, and was associated with even colder air to the north of the station. The temperature had fallen close to the conditions needed to initiate the chemical mechanisms that destroy ozone in the northern winter. The pronounced rise in temperature above 29 km results from significant warming generated by upper atmospheric motion in the northern winter.

Figure 3-9 shows wind measurements resulting from tracking the position of the same radiosonde flight (launched from Lerwick, Shetland Islands, 23 January 2000) as shown in Fig. 3-8. The movement of the radiosonde was computed using Loran-C navigation signals received by the radiosonde and then transmitted back to the base station. Accuracy is expected to be about 0.5 ms–1 for each of the two orthogonal components shown at short range, decreasing to about 1.5 ms–1 at the longest ranges, when the transmission back to the base station is less than optimum. In the N-S direction the strongest winds occurred between an altitude of 10 km and 12 km, with a jet stream centred near the temperature discontinuity at 10 km in Fig. 3-8. On this day, the E-W component was weak near the maximum of the jet stream, but the strength of this component increased uniformly at upper levels from 14 km to 30 km. This increase in winds was the result of a consistent temperature gradient from south to north, at all heights from 14 km to 30 km, with the air colder to the north nearer the centre of the polar vortex. Upper wind measurements have a high value for air transportation and defence services. The results of a MetAids observation, such as in Fig. 3-9, will usually be transformed into a special defence code at the base station and transmitted to the relevant operational units.

Figure  3-9

Wind measurements by radiosonde
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Figure 3-10 is an example of the measurements of the vertical structure of ozone from the same location in the UK as shown in Fig. 3-8. Here, partial pressure of ozone is plotted as a function of height, alongside a simultaneous measurement of temperature. The ozone measurements are made several times a week in support of ongoing scientific investigations. Measurements are transmitted immediately to a data collection hub coordinating the observations from many other sites at similar latitudes. Warnings are issued if serious depletion of ozone is happening. Ozone is usually low in the troposphere, i.e. at layers below 5 km on this day. In the stratosphere, high concentrations of ozone were found at 10 km and 20 km but not at 15 km. The measurements are organized by the scientific community to identify the origin of low ozone concentrations in the stratosphere. This may be caused by the natural transport of ozone from regions with low concentrations or be caused by decay associated with chemical pollution.

Figure  3-10

Measurement of ozone distribution in the vertical uses an ozonesonde
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3.6
Reasons for national variations in MetAids service operations

3.6.1
Variation in available technology

While most radiosonde systems are purchased from a limited number of international commercial suppliers, the economic conditions in some countries require that national facilities be established for radiosonde manufacture within the country. In practice, progress with the national systems has lagged the development of the radiosonde systems that have occurred with the commercial suppliers in the last two decades. Thus, while most of the technology of the commercially supplied systems used round the world is less than 10 years old, some of the national systems are still based on technology used 30‑40 years ago. The measurements from these national systems are very important for all meteorologists, and adequate time must be allowed for these countries to introduce upgraded systems with more efficient use of the available radio frequency spectrum.

3.6.2
Differences in upper wind climatology 

It can be seen in Fig. 3-9 that the balloon on this flight drifted 280 km from the point of launch before it burst and the radiosonde then descended by parachute to the surface at even longer range. To obtain reliable winds at these ranges it is essential to use radiosondes that receive a navigation signal, either Loran-C or GPS. Usually the balloons do not drift quite as far as this. At high latitudes in the Northern Hemisphere winter, the winds at heights above 16 km are not usually distributed symmetrically around the pole. Thus, very strong stratospheric winds are much more common over Europe than in North America. On the other hand, there are many countries where upper winds are always weak. The differences in upper wind conditions lead to significant differences between the 

operating conditions of the relevant national radiosonde networks. The radiosonde will always remain at high elevations and short range in some countries; while in others the radiosonde must be tracked down to elevations lower than 5( above the horizon at ranges in excess of 200 km.

Where balloon elevations remain high (particularly if elevations lower than 15( are rare), the costs of the radiosonde measurement can be reduced by using lower-cost radiosondes which do not need to receive and process a NAVAID signal. Instead, the radiosonde can be tracked using a scanning directional antenna at the base station. If the radiosonde transmits at frequencies around 1 680 MHz, a suitable directional antenna is much smaller than the alternative antenna for frequencies near 403 MHz. The frequencies near 403 MHz are preferred for long-range radiosonde operations for a variety of reasons, and are able to provide good reception and accurate winds throughout the ascent.

In many developed countries, the cost of employing an operator to monitor the radiosonde measurement has become too high, and the requirement for fully automated balloon launch systems, supervised from a remote site is growing, and many are now in operation. These systems always use NAVAID radiosondes operating in the 401‑406 MHz band. The automated system has to have a minimum of two available radiosondes, preset at different operating frequencies in the band. As with manned operations, if the first radiosonde launch fails with an early balloon failure, the radiosonde may continue to transmit. In addition, another radiosonde launched from a nearby site may already be using the nominal station frequency. The automated launch system scans between 401 MHz and 406 MHz in advance of launch, to ensure that a radiosonde is not already transmitting within range at the selected frequency. In both situations, a second frequency must be available to obtain the operational measurement.

3.6.3
Differences in network density

The spectrum requirements of the MetAids service vary on a country-by-country basis dependent upon the density of the network. Any estimate of spectrum requirements must be based on the whole user community for the service including defence and environmental agencies. Higher network density requires greater spectrum efficiency. The countries that operate the more dense networks usually have the budgetary resources to procure MetAids with more spectrum‑efficient transmitters. These countries are usually the countries where there is also the greatest variation in atmospheric conditions from day‑to‑day. Countries that operate low-density networks are unlikely to have the resources to operate a large number of stations or procure high stability narrow‑band transmitters.

3.6.4
Use of the 401-406 MHz band

Some countries in Europe operate very dense networks, using radiosondes with minimal drift and narrow-band emissions in this band. Some other countries operate broadband secondary radar systems where the ground station transmits a pulse to the radiosonde, and the radiosonde responds to the pulse and transmits the meteorological data. In both cases, nearly the full 401‑406 MHz band is required for operations, given that between 401 MHz and 403 MHz, the MetAids service has to coordinate with the data collection platform transmissions of the EESS (Earth‑to‑space) and MetSat (Earth‑to‑space) services.

There are some areas of the world, however, where the density of stations is not extremely high, and the resources may be available to procure transmitters that can free some of the band for other uses. Australia is one case where the full band is not required and the administration has elected to use a 

portion of the band for other radio communication services. Therefore, spectrum may be available in some countries for other uses, but in a number of regions of the world, the entire band is required for MetAids operations. In 1998, the WMO held a meeting of experts on MetAids radio frequency characteristics. This group concluded that the entire 401-406 MHz band is required for MetAids operation for the foreseeable future. It was accepted that co-channel sharing with the satellite services proposed between 400.15 MHz and 401 MHz would not be possible for standard radiosonde operations.

3.6.5
Use of the 1 688.4-1 700 MHz band

The situation in the 1 668.4-1 700 MHz band is different from the 401-406 MHz band. In particular, though the entire band is allocated to MetAids, the band is also allocated to the MetSat service on a co-primary basis. Co-channel MetAids and MetSat operations are not compatible and significant band segmentation has already occurred. MetAids cause significant levels of interference to the MetSat ground stations. Use of the 1 680 MHz band varies around the world, but in several parts of the world (North America and Asia), only the 1 675-1 683 MHz sub-band may be available for MetAids operations. In discussing MetAids requirements in 1 668.4-1 700 MHz, it must kept in mind that only a portion of the band is usually available. Many countries that use this band are able to conduct operations in 7‑8 MHz of spectrum, while there are a number of countries where upwards of 15 MHz is still required to support operations. The WMO held a meeting of experts on meteorological aids radio frequency characteristics in 1998. This group concluded that 12 MHz of spectrum would be required for MetAids operations in this band for the foreseeable future. This assessment was based on peak requirements, and there may be a number of countries where less spectrum is required. With this in mind, subsequent WMO meetings have recommended that the Metaids service be strongly protected within the 1 675‑1 683 MHz sub-band.

3.6.6
Requirements for the retention of both bands

The availability of both RF bands to MetAids operations is judged critical for continued successful meteorological operations. First, in a number of countries in Europe and North America, both bands are necessary to fill the spectrum requirements of MetAids operations, given the existing sharing arrangements with other services. Synoptic, research, and defence MetAids operations cannot be satisfied with the availability of just one of these bands. In addition, each band provides unique characteristics required for different types of MetAids operations. The band 401-406 MHz offers a lower propagation loss. This propagation loss provides advantage in parts of the world where high winds result in long slant ranges between the base station and the radiosonde. The lower propagation loss also allows use of simpler, smaller receive antennas for tracking the flight. MetAids operations in this band use a form of radio navigation (GPS, LORAN or VLF) for measurement of winds since a RDF antenna would be prohibitively large. For either budgetary and/or national security reasons, some administrations choose to use the band 1 668.4‑1 700 MHz. RDF MetAids eliminate the need for radio navigation circuitry. This reduces the cost of the expendable devices. Some countries also have the requirement that their MetAids systems be independent of international NAVAID systems, as these systems may not always be available.

3.7
Future trends

While MetAids designs are typically very simple and use low cost components, evolution has occurred and will continue to occur to improve the performance of the systems. As previously noted, many of the investments for improvement are for the sensor qualities and not always on the telemetry link portion of the system. However, the increasing requirement for additional frequency assignments in a given area to support both synoptic and non-synoptic operations has started to require improvements in the RF characteristics as well.

3.7.1
GPS windfinding

Implementation of GPS on radiosondes for purposes of measuring winds should lead to significant improvements in the spectrum efficiency of NAVAID radiosondes. In most countries, it will lead to a significant improvement in the accuracy of upper wind measurements. GPS windfinding requires that a significant amount of GPS-related data be transmitted from the device to the ground, increasing the data rate requirements, and as a result, expanding the transmitter bandwidth and increasing battery consumption compared to non-NAVAID radiosondes. Processing the full GPS solution on the device may not be feasible since differential correction must be applied to eliminate errors caused by propagation conditions and other factors. This differential correction can only be applied at the receiving station. Although this type of radiosonde has been in use since 1997, WMO is still working with the manufacturers four years later to eliminate problems that have hindered operations. Other uses by meteorologists of the GPS radionavigation service are discussed in Chapter 6.

3.7.2
Commercially available transmitter integrated circuits

Use of commercially available wireless communications transmitter integrated circuits (ICs) has not been widespread to date, for several reasons. First, there are a limited number of ICs available that extend into MetAids frequency bands. The ICs that are available typically are not designed for operation at the low temperature extremes required of MetAids. Development and production of MetAid-specific application specific ICs (ASICs) that meet the frequency, power and environmental requirements has not yet proven to be cost effective due to the relatively low numbers required per year. However, in he future, the production costs for ASICs are expected to decrease allowing cost-effective production of smaller lots of ASICs for low volume applications such as MetAids.

3.7.3
Increased MetAids network density

The WMO has established goals to increase the density of MetAids networks. As a result, MetAids operators have been forced to improve MetAids radio frequency characteristics to eliminate adjacent station interference.
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